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John B. Goodenough M. Stanley Akira Yoshino
Prize share: 1/3 Whittingham Prize share: 1/3
Prize share: 1/3

The Nobel Prize in Chemistry 2019 was awarded
jointly to John B. Goodenough, M. Stanley
Whittingham and Akira Yoshino "for the
development of lithium-ion batteries."

2019. 10. 6. Ulm, Germany
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John B. Goodenough (1922 ~ 2023 )

Born 1922 in Jena, Germany.

Ph.D. 1952 from the University of
Chicago, USA. Virginia H. Cockrell
Chair in Engineering at The University
of Texas at Austin, USA.
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[54] ELECTROCHEMICAL CELL WITH NEW
FAST ION CONDUCTORS

[76] Inventors: John B. Goodenough; Koichi
Mizuchima, both of c/o United il
Kingdom Atomic Energy Authority,
11 Charles II St,, London SW1Y
4QP, England
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Lithium Cobalt Oxide

- 19834, LiMn,0, 3xHl Am|'d

[54] SOLID STATE CELL WHEREIN AN ANODE,
SOLID ELECTROLYTE AND CATHODE
EACH COMPRISE A
CUBIC-CLOSE-PACKED FRAMEWORK
STRUCTURE

[75] Inventors: Michael M. Thackeray, Pretoria,
South Africa; John B. Goodenough,
Oxford, England

LiMn,O,

- 1996'4, LiFePO, 1XH 2|4l

[54] CATHODE MATERIALS FOR SECONDARY
(RECHARGEABLE) LITHIUM BATTERIES

[75] Inventors: John B. Goodenough, Austin, Tex.;
Akshaya K. Padhi, LaSalle, IIl.; K. 8.
Nanjundaswamy, Joplin, Mo.;
Christian Masquelier, Boulogne
Billancourt, France
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How Ford plans to turn a profit on EVs
f17)
in under four years

PUBLISHED THU, MAR 23 2023.3:52 PM EDT | UPDATED THU, MAR 23 2023.4:39 PM EDT

Ford's plan to get its Model e EBIT margin to 8% by the end of 2026

3%
Design +
Margin 2022 Scale engineering 10%
. . :

Other YE 2026
Bat;:ery
15%
v Che9| scale-up2 Slil= HXIY (UHEH2 HiE{2] 714 HZh
20% v EE_CATL ©Ee| Hjd: M Axliof Cist M2 25

v M= DNAS| H3} = Q?

Chart: Gabriel Cortes / CNBC
Source; Company reports
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LFP: 7t4 Z™H

NCM811* NCA (Ni88)
ChEy 2y
KWh / Liter 1.24 2.56 2.68
7t4 (Kge/UsD) 11.3** 41.83* ~ 30
1KwWh & 7}2 (USD) 82.29** 103.47* ~ 100%**

* 2021.10.15 metal 7} 7| &, * ZTUBS AG At=E (10.15 7|F), =+ = XK|

2 2|& 74 S A8 O0F obX| 2k 6| Ho5| A A &= tiH] R2 7t =&

oy M = o o
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Cell To Pack (CTP)
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Theoretical capacity of anode candidates

A4 4 Theoretical electrochemical capacity of IVB elements
S I 3000
Silicon i

28.0855

Li metal

&
=
.

=
=
=

] 1 1 |

0 1000 2000 3000 4000
Specific gravimetric capacity on discharged base (mAh/g)

J. Electrachem. Soc., 150, ABTS{2003)}

Specific volumetric capacity
on charged base (mAh/cc)
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Pulverization

Volume
expansion
—

Delamination

Unstable SEl layer

—

lBroken SEl layer
- Many

: = ,.’y ﬁ'.lT‘
f ‘?@ cycles [
270
Choi & Aurbach, Nat. Rev. Mater., 2016, 1, 16013
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Hurdles in Si Technology: Volume Change

Pulverization

Volume
expansion
—_—

Delamination

Unstable SEI layer SEl layer Thick SEl layer

’Broken SEl layer

Many

W_L, _L.? ﬂﬂa- yeles o)) From ‘Tesla Battery Day’
| %0 =07 ry Day

Choi & Aurbach, Nat. Rev. Mater., 2016, 1, 16013
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Carbon-coated SiO,
(ALl X3}t XL 2)
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Why XpM|CH M X]?

L 72 At ey T 7| XpSK

To be improved:
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State of the Art 7| 1: 2232
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Battery Management System (BMS):

X|s=tEl HiEE] 2
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BMS (Battery Management System)

il

Control

X

2

Monitoring

stimatiog

« Temperature « Charge/Discharge State « Heat control

» Voltage « Life Time » Cell Balancing
* Resistance « SOH (State of Health) « Safety Control
« Current « SOS (State of Safety)

Nissan leaf dashboard Q\

Temperature

Chargiﬁg Time

To 100% Charge

L"} kW 220
XKW 0

( EstTme )

i} ;;gm

Toward monitoring accurate battery state
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James Mortimer, VO2Max — What is it and Does it Matter?
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Who will have data?

BMS-to-Cloud
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Hot spots in the production process of the Volkswagen |D.3

The battery causes over 40 percent of CO, emissions
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The CO, balance of an electric car* depends on the power mix

Diesel vs. electric car in the use phase: Comparison of the overall balance
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Summary and Outlook
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